Film cooling is one of the cooling techniques applied to the turbine blade. Gas turbine used film cooling technique to protect turbine blade from directly expose to the hot gas to avoid the blade from defect. The focus of this investigation is to investigate the effect of embedded three difference depth of trench at coolant holes geometry. Comparisons are made at four difference blowing ratios which are 1.0, 1.25 and 1.5. Three configuration leading edge with depth Case A (0.0125D), Case B (0.0350D) and Case C (0.713D) were compared to leading edge without trench. Result shows that as blowing ratio increased from 1.0 to 1.25, the film cooling effectiveness is increase for leading edge without trench and also for all cases. However when the blowing ratio is increase to 1.5, film cooling effectiveness is decrease for all cases. Overall the Case B with blowing ratio 1.25 has the best film cooling effectiveness with significant improvement compared to leading edge without trench and with trench Case A and Case C.
Introduction
Thermal efficiency of gas turbine engines can be efficiently improved by rising the turbine inlet temperature. Thus these high operative temperature affect the durability of the blade, therefore to prevent damage to the blades, a film cooling techniques have been developed. Thus by applying a concept of film cooling effectiveness it is can avoid the blades from fail or defect. This study is focus on the effect of differences depth of trench. 3D computational fluid dynamics simulation CFD using ANSYS software will be perform to determine the jet-mainstream interactions to better understand the film effectiveness distributions. Investigation performed at a single mainstream Reynolds number based on film-hole cylinder diameter of 8,550 at four different blowing ratios which are 1.0, 1.25, 1.5 and 2.0. The result then validated with a journal Numerical Study on Flat Plate and Leading Edge Film Cooling [1] .There are a lot of factors that should be considered to increase film cooling effectiveness, such as inclination of the holes that connected with the plenum. Based on Yuen and Martinez-Botas, they reported that there were three angles (30 o , 60 o and 90 o ) have been tested. At angle 30 o the result shows the best cooling characteristics [2] . With the objective to look for a better film cooling technique, Lu et al. investigated the effect of slot exit area and edge shape on film effectiveness measurements made on a flat plate. They found that a straight edge exit performed the best at a blowing ratio of BR=1.0, whereas a ramped exit enhanced the adiabatic effectiveness levels at lower blowing ratios [3] . Baldauf et al. observed that initial increase in η with increasing BR is expected due to the greater mass flow of coolant and the decrease in η for BR ≥ 0.85 is due to the coolant jet separating from the surface [4] . Waye and Bogard said, the narrow trench configuration provided the best adiabatic effectiveness performance [5] .
Methodology
ANASYS software is used to simulate film cooling in the leading edge involving fluid flow, heat transfer based on simulation. The blowing ratio, BR is defined as the ratio of mass flux of the mainstream and the coolant. It is expressed as :
The film cooling effectiveness is defined as:
Mainstream conditions are maintained the same in all cases and the coolant flow rate is altered to change the velocity coolant. The coolant temperature was set at 321K and the mainstream temperature was set at 291K, and the Reynolds number Re m is 8550 based on mainstream velocity and the cooling hole diameter. A model was constructed by using SOLIDWORKS software; Figure 1 shows the computational domain of semi-cylindrical leading edge model with a flat alter body. Within the cylindrical wall of 80mm diameter (D=10d) are plenum and the three rows of film cooling holes arranged in staggered fashion. The diameter of each hole is 8mm (d=8mm). The inclination angle of holes is 30 degrees relative to the span-wise direction. Periodic condition is imposed to the spanwise direction so that only three film cooling holes need to be examined. Figure 2 show the separation angle between the hole 1(row 1) and hole 2 (row 2) in the x-y plan is 30 degrees and the separation angle between hole 2(row 2) and hole 3(row) in the x-y plan is 35 degrees. The pitch between the holes is 31 mm. . Figure 3 shows Illustrate three difference cases of trench embedded at exit coolant holes. 
Results and discussion
The three model leading edges with difference depth of trench and leading edge without trench were tested under for difference blowing ratio (BR) which are 1.0, 1.25 and 1.5. Figure 4 shows the quantitative values for film cooling effectiveness at BR=1.0. It shows that the entire leading edge configuration with trench yielded much higher film cooling effectiveness values compared to leading edge without trench. However the film cooling effectiveness values for all the cases leading edge with trench is almost similar each other. It shows that the effect of difference Figure 5 shows the coolant spread on leading edge surface, from the figure, its shows that, for leading edge with trench, more coolant spreading on the leading edge surface compared to leading edge without trench. As the BR in increased to 1.25 the film cooling effectiveness is increased for all the cases including the leading edge without trench, it can be seen in Figure 6 , all the values is increased, however the highest film cooling effectiveness is Case B follow by leading edge without trench, Case C and Case A. This phenomenon happened because as blowing ratio increase to 1.25, the coolant velocity also increased thus enhanced the film cooling effectiveness for leading edge without trench as compared to blowing ratio 1.0. From the graph, as blowing ratio increase, the film cooling effectiveness also increase. This phenomenon is proven by looking at film cooling effectiveness value for leading edge without trench at blowing ratio 1.25 and compared to the value film cooling effectiveness for leading edge without trench at blowing ratio 1.0. It shows that, when the blowing ratio is increase, the effectiveness of film cooling at leading edge without trench also increases.
For Case A, Case B and Case C, the film cooling effectiveness did not change significantly. The highest film cooling effectiveness is Case B and the lowest film cooling effectiveness is Case A. This conclude that when the coolant entering medium trench with medium blowing ratio it will produce the best film cooling effectiveness. From Figure 7 , it can be seen that for each Case A, Case B and Case C shows that when the coolant exiting the holes, the coolant jet will fill the trench before exiting to the leading edge surface. At some point, when the coolant jet fully fills the trench, it will strike the trench edge then the velocity of coolant jet is higher and causes the coolant to spread widely, thus, it causes higher film cooling effectiveness to be achieved. It is observed that, the effects of trench Case B at blowing ratio 1.25 helped the coolant jet to spread widely as compared to all cases. When the coolant spread widely, more interaction occurs between coolant jet and mainstream in the jet exit region. This results in higher effectiveness at the jet exit. However, in the downstream, the film thickness becomes thinner and lowers. o Figure 6 : Lateral of film cooling effectiveness at BR=1.25
Leading edge without trench Case A Case B Case C Figure 7 : Detailed film cooling effectiveness distributions for leading edge without trench, Case A, Case B, and Case C at BR=1.25 Figure 8 shows the result of film cooling effectiveness for blowing ratio 1.5. From the result, it is shown that the trends for averaged film cooling effectiveness for all cases are almost similar. The highest film cooling effectiveness is leading edge without trench, follow by Case A, Case B, and lastly Case C. However all the cases has lower averaged film cooling effectiveness compared to blowing ratio 1.25. The sudden decreasing film cooling effectiveness at angle 20 o to 30 o is because of the coolant jet velocity phenomena, it can be seen from Figure 9 , for blowing ratio 1.5, the coolant jet velocity is higher compare to blowing ratio 1.0 and 1.25, when the coolant jet is exiting the coolant hole with the high velocity, only a small amount of coolant filled the trench because of the higher jetting effect that leads the coolant to directly mixed with the mainstream rather than spreading into the trench, in other words, only a slight amount of coolant strikes the trench wall, thus the coolant is not fully covers majority of the area. Therefore, it will produce low film cooling effectiveness. There were three types of difference depth of trench were tested with three blowing ratio which are 1.0, 1.25 and 1.5. The result shows that with medium depth of trench, the coolant spread widely on the leading edge and covers larger area. With this characteristic of coolant spreading, leading edge with medium depth of trench helped increased film cooling effectiveness as compared to all cases with trench and without trench. It concludes that depth of trench do affect the film cooling effectiveness. So it can be conclude that the film cooling performance can be significantly improved by controlling the blowing ratio and depth of trench. It is noted that the blowing ratio and depth of trench has a very strong effect on film cooling effectiveness. 
